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SUMMARY 

Tests were conducted to investigate the effect of 2- 
peroent additions of nine aroma tio amines on the 2mook- limited 
performance of AN-F-28 (28-R) fuel* Knock tests were made on 
nine aromatic aminos eynthesizod, or purchased and purified, 
at the Aircraft Engine Researoh Laboratory. The amines are: 
aniline, technical psoudocumidine, p-toluidi.ne , a-toluidine, 
m-toluidine, H-mothylaniline, N-ebhy'l-p-toluidine, p- tert - 
butylaniline , and cumidines (from synthetic cumene). The 
knock-limited performance of 23-R fuel with and without 2- 
peroent additions of each of the aromatic amines was deter- 
mined in a CFR engine under threo setB of operating condi- 
tions (including F-4 condjtions). The report >resents in- 
formation based solely upon f.io effftct of the amines on the 
l-nock-li.Tiited power of 23-R fuel and doee not consider other 
phases of the fuel problem. 

The followinr results -vere obtained from this investi- 
gation: 

1. Of the nine aromatio aminos investigated, p_-toluidine 
and p -tert -butylaniline gave the best over-all improvement in 
the knock-limited power of 28-R fuel at the three sets of en- 
gine conditions tested. 

2. The aromatio amines that might be of interest as 
antiknock agents are p-toluidine, p -tert- butylaniline , tech- 
nical pseudooumidine, m-toluidine, N -me thy lani 1 ine , and cumi- 
dines. 
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INTROOUCTION 

The data presented in this report are part of a general 
program being oonduoted at the request of the Army Air Forces, 
Materiel Command, to determine the effectiveness of aromatic 
amines as fuel additives. 

This report, part II of a series of five reports pre- 
sentiiig knock data on a total of 43 aromatic amines, includes 
teat results on 9 amines. Limited Oata on one of them (ani- 
line) were givon in part I (reference 1). Knock in a CFR 
engine is the only criterion usod jri this report for evalu- 
ating the aminec as additives in 28-11 fuel. Reports, suoh 
as reference 2, dealing with the preparation and the physical 
and chemioal properties of the aminos are also being published 
by this laboratory. 

This program is beine conduoted at the Aircraft Engine 
Research Laboratory of the Ha';A at Cloveland, Ohio. The data 
presentod in this report were obtained during April 1944. 



APPARATUS AND TEST PROCEDURE 

Except for the oumidincs and t">e technioal pseudocumidine, 
the aromatic amines testod 5a this prorram wore distilled 
through a fractionating column, and a narrow fraction (approxi- 
mately 1° C) in the middle of the boiling ranre was selected. 
The preparation of the amines was carried on undo: the direc- 
tion of Dr. W. T. Olson of tho laboratory staff. 

The knock tests were performod on a CFR (F-4.) engine equip- 
ped with tiro independent f ael systo;is as describod in reference 
1. Inasmuch as this series of testis -. t as a continuation of the 
program started in part I (reference 1) of this project, the 
proooduro and the eugine condit : ons were not altered. It vas 
necessary, however, to use a different engine and operator for 
the second part of thi3 program. The base stool:, 2&-R (AN-F-28) 
fuol, was ohoscn because of its availability to other laboratories. 

The throe sots of operating conditions, as disoussod in 
reference 1, i/ero used in those testt.. Thoy are as followsi 



5 



inlet-air Spark advanoe Coolant 

temperature (deg B.T.C.) temperature 
(°F) (°F) 

F-4 method 226 45 376 

Modification A 260 SO 250 

Modification B 160 SO 260 



At each of those seta of conditions, 0- and 2-peroent 
additions of the aromatic aminos ..-ero testod in 28-R fuel on 
the same day. Minor differences in the 28-R curves plotted 
throughout the project vrero observed. 



DISCUSBTOH OF RESULTS 

Figure 1 pro cents the 28-R data under F-4 conditions and 
tho corresponding bracketing S-3 reforcnoo oarvos. Tho rich- 
region F-4 rating for this fuol is S + 1.42 ml TEL or 132 per- 
formance numbor. 

The knock-limited performanoo data of tho aromatio aminos 
is shown in figures 2 to 10. -Jach figure comparos the effects 
of the transition from sevoro to mild test conditions on blonds 
of 0 and 2 percent aromatic aminos and 28-R fuel. 

Tablo I is a cummary of the relative sewers obtained by 
tho additions of tho aromatio aminos. As war. oxpeoted, the 
amines chowod more sensitivity to a change of fuel-air ratio 
undor F-4 conditions than under oithor of tho two less sovoro 
conditions. Tho aminos that gave tJio most dosirable rich- 
region response under F-4 conditions wore N-mothylanilino, 
p-toluidine, and p -tert- butylani line. ^g-Toluidiae and p -tort - 
butylanilino were loss sensitive to engine conditions than tho 
other amines tested and showed the moct oonsistont inprovement 
in tho knook-limited power at all fuel-air ratios 'and ongino 
conditions. 

All tho aromatio amines tested in this series showed good 
rioh-mixfcuro response at the modifiod conditions, but o-toluidino 
and technical pseudooumidine were not particularly effeotive at 
leaner mixtures. Lowering the inlot-air tempo raturo from 250° F 
to 150° F ro suited in a deoreaso in tho rolative-power rating at 
lean fuel-air mixtures for the □-, m-, and p_-toluidines. 



4 



In most of the testa the indioated spocifio fuel consumption 
of the baso stock was the same as the consumption of the base stock 
plus the aromatic -amino additive. In some oases the amine additivo 
gave apparent eoonomy changes, but so little material was available 
for ohock tests that the significance of those difforonoes in indi- 
cated speoific fuel consumption is questionable 

\7hon sufficient quantities of tost fuol were available, F-3 
ratings were also obtained. Theso results are prosontcd in table 
II. 



SUMMARY OF RESULTS 

Tho following rcsult3 were obtainod from tests of the anti- 
knock offootivonoss of 2-perocnt additions of nine aromatic amines 
to 20-11 fuol undor three sets of operating conditions in a CFR 
enginoi 

1. Of tho ninp aromatic aminos invostigatod, jp-toluidine 
and p-t ort- butylani 1 ino gave tho bost over-all improvement in tho 
laiock-Timited power of 28-B fuel at tho throe sots of engine con- 
ditions tasted. 

2. The aromatic aminos that mijht bo of interest as anti- 
knock agents aro jj-tolaidlnc, p -tcrt- butylani line , tochnical 
pseudooumidine, m-toluidine f IT-mcthylanilino, and cumidines. 



Aircraft Engine Research Laboratory, 

National Advisory Comnittoo for Aeronautics, 
Cleveland, Ohio, June 26, 1944. 
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TABLE I - SUiaftKY OF AHTIHffOCK EFFECT IVEKELS OF AROMA.T IC -AJ-TINET ADDITIONS TO 28-R FUEL 
F-4 Vethod: inlet-air temperature; 225° Fj coolant temperature, 375° Fj spark advance, 45© B.T.C. 

Modification A: inlet-air temperature, 260° Fj coolant temperature, 250° F; Bpark advance, 50° B.T.C. 
recodification B: inlet-air temperature, 150° F; coolant temperature, 250° F; spark advance, 30°: B.T.C. 
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1.00 
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1.03 


.94 
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1.09 
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1.11 


1.09 
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1.13 
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1.02 
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1.15 


1.11 


1.09 


1.13 
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1.11 


1.14 


1.11 


o-Toluidine 


.88 


1.03 


1.01 


.92 


1.03 


1.04 


.99 


1.08 


1.10 


1.07 


1.09 


1.15 


m-Toluidino 


.98 


1.15 


1.09 


.96 


1.16 


1.09 


1.05 


1.08 


1.10 
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1.11 


7-methylaniline 


.93 


1.11 
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1.13 
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1.10 


U-ethyl-p_-toluidine 
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p-tert-Butylani 1 ine 
CumaTnes (from 
synthetic cumene ) 
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1.03 
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1.08 
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1.12 


1.10 


.83; 

* 


1.08 


1.06 


* 02 


1.05 


1.08 


1.00 


1.10 


1.10 


1.05 


1.15 


1.08 



national Advisory Committee 
for Aeronautics 



TABLE II - F-3 RATINGS OF 2-i~iiRCENT BLENDS OF AR07I&.TIC 
AMINES AND 28-R FUEL 



Aromatio amines 
(2-peroent addition to 
28-R fuel) 


F-3 Rating a 


S-3 + ml TEL 


Performance 
number 


28-R 
Aniline 

N-etlyl-g-tolui'dine 
p-tert-Butylaniline 
Cumidines (from synthe- 
t%o oumene) 


0 

.13 
.05 . 
.10 
.15 


100 
105 
102 
104 
106 
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Fuel-air ratio 

Figure I. - Knock-limited F-4 performance of 28-R fuel and correspond- 
ing S-3 reference curves. Inlet-air temperature, 22b° r P; spark 
advance, 45° B.T.C.; coolant temperature, 375° F; engine speed, 
1800 rpm; compression ratio, 7.0;' oil temperature, 165° F. 
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Fuel-air ratio 

Inlet-air temperature, 225° P; spark advance, 45° B.T.C.; cool- 



ant temperature, 375° F. 
Figure 2. - Effect of addition of 2-percent aniline to 28-R lunl on 
knock-limited performance of a CFR engine. Engine speed. IHOO rpm; 
compression ratio, 7.0; oil temperature, 165° F. 
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(b) Inlet-air temperacure, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 2. - Continued. Effect of addition of 2-percent aniline to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant, temper at ure , 250° F. 

Figure 2. - Concluded. Effect of addition of 2-percent aniline to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1900 rpm; compression ratio, 7.0; oil temperature, 165° F. 




Fuel-air ratio 

(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure 3. - Effect of addition of 2-percent technical pseudocumidine 
28-R fuel on knock-limited performance of a CFR engine. Engine spe 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 3. - Continued. Effect of addition of 2-percent technical pseu- 
documidine to 28-R fuel on knock-limited performance of a CFR engine. 
Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 
165° F. 



,. _ 60 



a 

.1 • • 

fiS no 

c a 




k 



220 



■o 200 



S 100 



160 



.05 



I I i i n I I I I I I I I I I I I I I I I | 




i-UL 



uu 




.07 



llu 





JJLL 



28-R 
gg-R 



NATIONAL ADVISORY 
COMM I T TEE FOR AERONAUTICS 



psi udooi nidi! e 



uu 



.11 



LLU 



* g-l erc« t f hnlei ]. 



-LL 



.It 



1U 



JJULd 



.08 .09 .10 
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(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 3. - Concluded. Effect of addition of 2-percent technical 
pseudocumidine to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 
Figure 4. - Effect of addition of 2-percent p-toluidine to 28-R fuel on 
knock-limited performance of a CFR engine." Engine speed, 1800 rpm; 
compression ratio, 7.0; oil temperature, 165° F. 




Fuel-air. ratio 

(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 
Figure 4. - Continued. Effect of addition of 2-percent j?-toluidine to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
3peed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(c) Inlet-air temperature, I oO° F; spark advance, 30° B.T.C.; cool 
ant temperature, 250° F. 

Figure 4. - Concluded. Effect of addition of 2-percent p-toluidine 
28-R fuel on knock-limited performance of a CFR engineT Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(a) Inlet-air temperature, 225° P; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 
Figure 5. - Effect of addition of 2-percent _o-toluidine to 28-R fuel 

on knock-limited performance of a CFR engine. Engine speed, 1800 rpm; 

• =o • 



compression ratio, 7.0; oil temperature, 165 
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Fuel-air ratio 

(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 5. - Continued. Effect of addition of 2-percent o-toluidine to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 




Fuel-air ratio 

(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool 
ant temperature, 250° F. 
Figure 5. - Concluded. Effect of addition of 2-percent o-toluidine 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 




Fuel-air ratio 

(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure 6. - Effect of addition of 2-percent m-toluidine to 28-R fuel 
on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 




1 Fuel-air ratio 

(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 
Figure 6. - Continued. Effect of addition of 2-percent ja-toluidine to 
28-R fuel on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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.(c) Inlet-air temperature, 150° P; spark advance. 30° B.T.C.; cool- 
ant temperature, 250° F. 
Figure 6. - Concluded. Effect of addition of 2-percent m-toluidine to 
28-R fuel on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 



60 



50 



no 



30 



ao 





220 



200 



ISO 



160 



1A0 



120 



100 



so 



.05 



IE! 



.07 



.0* 



1XU 



LU1 



z 




.o> 



-LL 



LLU. 



.10 



uu 



1U1 



ox 



ULU 



2 



ux 



uu 



s-*6: 



.11 



.12 



.13 



Fuel-air ratio 

(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure 7. - Effect of addition of 2-percent N-methylaniline to 28-R 
fuel on knock-limited performance of a CFR engine. Engine speed, 
1300 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool-i 
ant temperature, 250° F. 

Figure 7. - Continued. Effect of addition of 2-percent N-methylaniline 
to 28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. ; 




260 - 



J 2t0 



220 



200 



180 




z 



•05 



.06 



H-N-C 



.07 



.08 



LU 



LLLL 



JlLL 



.09 



.10 



.11 



Fuel-air ratio 

(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 
Figure 7. - Concluded. Effect of addition of 2-percent tf-methylaniline 
to 28-B fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165 F. 
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(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure 8. - Effect of addition of 2-percent M-ethyl-p-toluidine to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speedy 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 8. - Continued. .Effect of addition of 2-percent M-ethyl-£- 
toluidine to 28-R fuel on knock-limited performance of a CFR engine. 
Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 
165° F. 
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Fuel-air ratio 

(c) Inlet-air temperature, 150° P; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° P. 

Figure 8. - Concluded. Effect of addition of 2-percent M-ethyl-p- 
toluidine to 28-R fuel on knock-limited performance of a CFR engine 
Engine speed, 1800 rpm; compression ratio, 7.0; oil temperature, 
165° P. 
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(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; oool- 
ant temperature, 375° F. 

Figure 9. - Effect of addition of 2-percent p_-tert-butylaniline to 28-R 
fuel on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 




Fuel-air ratio 



(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 

Figure 9. - Continued. Effect of addition of 2-percent p_-tert- 
butylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 
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(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 
Figure 9. - Concluded. Effect of addition of 2-percent p- tert - 
butylaniline to 28-R fuel on knock-limited performance of a CFR 
engine. Engine speed, 1800 rpm; compression ratio, 7.0; oil tem- 
perature, 165° F. 




Fuel-air ratio 

(a) Inlet-air temperature, 225° F; spark advance, 45° B.T.C.; cool- 
ant temperature, 375° F. 

Figure 10. - Effect of addition of 2-percent cumidines to 28-R fuel 
on knock-limited performance of a CFR engine. Engine speed, 
1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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(b) Inlet-air temperature, 250° F; spark advance, 30° B.T.C.; cool- 
ant temperature, 250° F. 
Figure 10. - Continued. Effect of addition of 2-percent cumidines to 
28-R fuel on knock-limited performance of a CFR engine. Engine 
speed, 1800 rpm; compression ratio, 7.0; oil temperature, I6fc>° F. 
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Fuel-air ratio 

(c) Inlet-air temperature, 150° F; spark advance, 30° B.T.C.; cool 
ant temperature, 250° F, 

Figure 10. - Concluded. Effect of addition of 2-percent cumidines 

to 28-R fuel on knock-limited performance of a CFfl engine. Engine 

speed, 1800 rpm; compression ratio, 7.0; oil temperature, 165° F. 
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